Intervention treatment such as balloon retrograde or anterograde transvenous obliteration has been used for management of refractory hepatic encephalopathy as well as gastric variceal bleeding. Recently, plug-assisted retrograde transvenous obliteration without a help of balloon was newly developed to treat these patients. Here, we report three cases suffering refractory hepatic encephalopathy who were treated with this new technique.
INTRODUCTION
Hepatic encephalopathy (HE) is one of most dreadful complications in patients with decompensated liver cirrhosis. Spontaneous portosystemic shunt mainly contributes to this condition where ammonia directly makes an adverse effect on brain due to shift of blood flow from the liver. Balloon retrograde transvenous obliteration (BRTO) has been used to block the blood flow passing through a portosystemic bypass such as splenorenal or gastrorenal shunt. This procedure can help control bleeding of gastric varices and manage refractory HE. The major drawback of BRTO usually comes from the toxicity of ethanolamine oleate or balloon rupture during procedure. Recently, a vascular plug and gelatin spongeassisted retrograde transvenous obliteration (PARTO) is applied in place of BRTO to overcome adverse events. In this modified procedure, vascular plug is deployed in a distal outflow of portosystemic shunt instead of balloon, and then gelfoam is infused to occlude the shunt. In this article, we are to present the cases with refractory HE who were successfully treated with PARTO and give a review of its effectiveness for management of HE.
CASE REPORTS

Case 1
A 75-year-old man with decompensated liver cirrhosis caused by chronic alcohol drinking, admitted to Soonchunhyang University Bucheon Hospital several times due to HE. Symptoms included slow speech, loss of orientation, drowsy mentality and insomnia. Though he already had been prescribed lactulose 120 mL/day and rifaximine 1,200 mg/day in outpatient clinic, flapping tremor and disorientation were sustained and he had many ups and downs on encephalopathy. There was no risk factor associated with worsening of symptoms out there. The patient had Child-Pugh class C and Model for End Stage Liver Disease (MELD) score of 15.
He received the total gastrectomy operation due to early gastric cancer 13 years ago. So there was no gastric varices, but perisplenic, paravertebral and hemorrhoidal collateral vessels and gastrorenal shunt were prominent on computed tomography (CT) scans (Fig. 1) .
We explained the PARTO for the prevention of HE to the patient and his family, and they agreed to perform this procedure. It was done by an intervention radiologist in our hospital. A careful selection and measurement of diameter of gastrorenal shunt was http://jsms.sch.ac.kr followed by a vascular plug placement and gelfoam injection via right femoral vein (Fig. 2) .
After the procedure, the patient felt a fever and chilling for a while, so we used prophylactic antibiotics during 3 days and this symptom was subsided. The level of plasma ammonia before BRTO was 232 μg/dL (normal value, 15 to 45 μg/dL). After 4 weeks, the level was dropped to 79 μg/dL ( Table 1) . Levels of total bilirubin, serum albumin, and prothrombin time have been shown similar level with before and after procedure. The patient has never experienced HE during next 3 months. Furthermore, follow-up CT scans showed almost obliterated splenorenal shunt and collateral vessels, but aggravated ascites is seen (Fig. 3 ).
Case 2
A 59-year-old woman under treatment for alcoholism in nursing hospital, was transferred to Soonchunhyang University Bucheon Hospital due to confused mental state. She was already diagnosed with alcoholic liver cirrhosis. Child-Pugh class was C, and MELD score was 22. Her family said she had experienced a few episodes of HE. Plasma ammonia level was 226 μg/dL at admission. The patient was taken care of in intensive care unit and her consciousness was recovered by lactulose enema. On her CT scan we found many collateral vessels and prominent splenorenal shunt. All her family members didn't agree to our suggestion that she had to have liver transplantation. We planned PARTO for prevention of recurrent HE. It was done successfully by vascular plug and gelfoam without any complication.
After 1 month from procedure, plasma ammonia level was dropped to 57 μg/dL at outpatient clinic (Table 1) . Following 3 months after the PARTO, no complications or symptoms related to procedure were developed and there is no significant change with level of ammonia (Fig. 4 ).
Case 3
A 59-year-old man with a past history of hepatitis B inactive Post-procedural ammonia levels of all patients are dropped remarkably and mean decline was 194 μg/dL. Post-procedural level of first patient was checked after 3 weeks from plug-assisted retrograde transvenous obliteration. reduce production of ammonia. However, they are not likely to be effective to prevent production and absorption of ammonia [2] .
The patients with advanced liver cirrhosis have multiple portosystemic shunts. Thus obliteration of shunt could be an effective way to relieve and prevent HE symptoms [3] [4] [5] [6] [7] , especially, in case gastric varix is large enough to be approached because it is commonly connected with gastrorenal shunt. There are two mechanisms of improvement of HE through BRTO. One is that the obliteration of the shunting into the systemic circulation can reduce the systemic outflow of neurotoxins, and the other is that the obliteration of hepatofugal shunts causes reversal of blood flow, thus improving blood flow towards the liver.
BRTO procedure starts with inserting a balloon catheter into an outflow shunt (gastric-renal or gastric-vena caval inferior) via access of the femoral or internal jugular vein. Then, Inflated balloon block the blood flow and sclerosing agent is injected in a retrograde manner [8] . This method has been performed for last decades.
But there are several raising concerns about complications following this procedure. Ethanolamine oleate, which is most commonly used sclerosant in BRTO, has complications including severe renal dysfunction, pulmonary edema, cardiogenic shock, disseminated intravascular coagulation, and anaphylactic reaction.
Furthermore balloon rupture during the procedure can result in symptomatic pulmonary embolism [9] .
In recent years, there has been an advance in sclerosing agent and plugging. PARTO is a modified method of BRTO which utilizes gelfoam and vascular plug instead of indwelling balloon in shunt. Therefore it could be done without serious complications above mentioned. This method is also applied to patients with HE.
Gwon et al. [9] reported that the successful result of PARTO with 20 patients. In this study, symptoms of encephalopathy were resolved in all patients with overt HE (n= 7), and no other complications and recurrence of HE were seen during mean follow-up of 422 days.
Our report showed a therapeutic effect of PARTO in selected patients with HE. There are some limitations in our case reports.
First, follow-up period is only 3 months during which it is not 
